Durum wheat (Triticum turgidum L. subsp. durum) is one of the major crops in the Mediterranean basin, where water stress often occurs during grain filling which represents a critical stage for the synthesis and accumulation of storage proteins (gliadins and glutenins). The aim of the study is to evaluate, by two-dimensional gel electrophoresis (2DE SDS-PAGE), the storage proteins composition of two durum wheat cultivars (Ciccio and Svevo) cultivated in a growth chamber under two different water regimes (control and water deficit). At milk stage and physiological maturity, gluten proteins have been extracted and separated by 2DE SDS-PAGE. The analysis of the gels was performed by the software ImageMaster 2D Platinum (Amersham). The results showed differences in protein expression within the different gel regions between water regimes and cultivars; under water deficit the rate of protein accumulation was faster for all the protein regions, either at milk and physiological stage. Protein accumulation within high molecular weight (H) region resulted faster in Ciccio than in Svevo mainly in the control treatment. In the low molecular weight region between 48 and 35 kDa (L 48-35), the cultivar Ciccio showed a higher protein expression than Svevo. Furthermore under water deficit a marked increase in H region volume and a decrease in the L 48-35 region was observed only for Svevo; instead in Ciccio no change was observed showing this cultivar a greater stability on changing water regime. Further studies by the use of mass spectrometry are necessary to identify specific peptides relative to drought stress during grain filling as well as to investigate the relationships with technological quality.
Introduction
Durum wheat (Triticum turgidum L. subsp. durum) is one of the most important crops in Mediterranean area due to its unique suitability for pasta production. Prolamins, accounting for 80% of grain wheat proteins, are the major constituents of gluten and they are responsible for dough quality. They are conventionally divided into two groups, the monomeric gliadins (α/β-, γ-, and ω-subunits) and the polymeric glutenins (high and low molecular weight subunits, HMW-GS and LMW-GS, respectively), which together determine pasta-making quality, being responsible for dough viscosity and elasticity properties, respectively (Shewry and Halford, 2002) . In the field, unfavourable environmental conditions may occur at any time during wheat growing season with intensity and duration affecting several processes during the whole plant life cycle. Understanding how environmental treatments affect the timing of grain developmental processes is of fundamental importance to pursue wheat quality because during this period the protein synthesis occurs. To study the effects of individual environmental factors on wheat grain development and in particular on wheat protein synthesis, several studies under controlled environment have been carried out. In particular recent studies illustrate how high temperatures and drought accelerate grain development (Altenbach et al., 2003; Hurkman and Wood, 2011 ) thus making more difficult to detect changes in protein accumulation in response to environmental factors. To better investigate the effects of environment on proteins and genes that may be involved in determining yield and quality, proteomic and transcriptomic approaches result useful (Altenbach, 2012) . However, also due to the various post-translational modifications of proteins that occur as grain develops, the accumulated amounts of a large proportion of proteins are often poorly correlated with their corresponding mRNAs in expression profiles; for this reason a proteomic approach can be more valuable in monitoring developmental profiles (Guo et al., 2012) .
Proteomic approach is a powerful method to identify and quantify the large number of proteins in biological samples (Skylas et al., 2005; Finnie et al., 2011) . Proteomic analysis of grain wheat proteins is difficult because of the wide range of protein expressed in the kernel. Moreover, relative to the gluten proteins, gliadins and glutenins consist of many closely related proteins with similar molecular weights and isoelectric points and therefore considerably overlap in twodimensional electrophoresis (2-DE). Additionally, proteomic data on the gluten proteins is limited, also because it has been very challenging to identify these proteins by mass spectrometry (MS) (Altenbach, 2012) . Recently, several groups have used proteomic approach to determine the environmental effect on the accumulation of grain protein during grain filling. However, the most of the research focused on metabolic wheat grain proteins, while fewer are the studies on the storage proteins, in particular in durum wheat. Saint Pierre et al. (2008) studying 9 wheat genotypes, found that the percentage of gliadins increased more rapidly than glutenins as flour protein increased; since maximum rate of synthesis of glutenins was reported to occur later than maximum rate of gliadins, the authors concluded that a late water stress could have more detrimental effect on the synthesis of glutenins than of gliadins. Also in durum wheat Fois et al. (2011) reported that the ratio gliadins/glutenins decreased linearly as days after anthesis increased, being the synthesis of gliadins higher in the earlier stage of maturation, whereas glutenins accumulate more rapidly towards the latter stage.
The aim of the present study was to deep insight into genetic and environmental influences on gluten protein accumulation of durum wheat during grain filling which is a critical stage in determining grain quality. To this aim the difference in gluten proteins composition between two phenological stages during grain filling was carried out by 2 DE in two-durum wheat cultivars submitted to two water regimes.
Materials and methods

Plant material and growth conditions
Two durum wheat cultivars, Ciccio and Svevo, were grown in a growth chamber in 2009 under controlled conditions of temperature, humidity and photoperiod. From sowing to physiological maturity the maximum temperatures varied from 6°C to 28°C and the minimum from 5°C to 22°C, the photoperiod from 10/14 h light/dark to 16/8 h light/dark, and the relative humidity from 70% to 50%. The two cultivars differed for gluten quality; in particular, on the bach used for sowing, Ciccio showed a gluten index value of 84, which was almost twice compared with 39 obtained from Svevo. A completely randomized design with three replications and three factors was adopted (cultivar, water regime and phenological stage). Seeds were sown, on February 2, in pots of 0.055 m 2 with a seeding density of 250 seeds m -2 (14 seeds per pot); after emergence, seed density was uniformed at 11 seeds per plot. The soil mixture used consisted of sandy clay loam soil, sand and peat in 6:3:1 ratio, with a field capacity of 26.9% and a wilting point of 16.4%. At sowing date, phosphorus fertilizer was applied at a rate of 9 g m -2 as diammonium phosphate; instead nitrogen fertilizer (12 g m −2 ) was applied in three different times: 3.5 g m -2 at sowing together with phosphorous, 6.5 g m -2 at tillering and 2 g m -2 at pre-anthesis as ammonium nitrate. The irrigation treatment, until anthesis, consisted in bringing soil moisture up to field capacity whenever the threshold of 50% of available soil water content was reached. From anthesis (73 days after sowing) onwards two different water regimes were adopted. Soil moisture was replenished to 70% of the available water in the stressed thesis and to field capacity in the control. Relative water content (RWC) was measured according to Borrelli et al. (2011) at milk stage, in order to evaluate plant water status. In the stressed condition a significant RWC decrease was observed for both cultivars (50% and 38% decrease for Ciccio and Svevo, respectively). At milk stage (15 days post anthesis-DPA in stressed and 19 DPA in control) and at physiological stage (30 and 33 DPA) kernels were harvested. In both cultivars the stressed treatment determined a yield decrease of about 47%.
Storage protein extraction
Storage proteins were extracted according to Hurkman and Tanaka (2004) from 50 mg of grain samples at milk stage and at physiological stage with KCl buffer (100 mM KCl, 50 mM Tris-HCl pH 7.8, 5 mM EDTA). Suspension was incubated on ice for 5 min, with intermittent shaking, and centrifuged at 14,500 g for 15 min at 4°C to separate soluble (supernatant) from insoluble fraction (pellet). Afterwards, storage proteins were extracted from the pellet by 800 μL of SDS buffer (2% SDS, 10% glycerol, 50 mM DTT, 40 mM Tris-HCl, pH 6.8). Proteins were precipitated by addition of 4 vol of cold acetone (-20°C) to remove the SDS, which interferes with protein determination and prevents separation of proteins by isoelectric focusing (IEF). After an incubation overnight at -20°C and a double centrifugation at 16,000 rpm for 10 min at room temperature, acetone was removed. Protein to be analyzed by IEF was solubilized in urea buffer (8 M urea, 2% Triton X-100, 0.03% DTT, 0.04% BPB, 0.5% IPG buffer). The protein concentration was determined using the Biuret method, with bovine serum albumin as a standard.
Two-dimensional gel electrophoresis analysis
Storage proteins were separated by IEF X SDS-PAGE. Samples containing 200 μg of storage proteins were loaded on each IEF gel. Immobiline DryStrips (pH 3-10, 13 cm length; GE Healthcare BioSciences AB, Uppsala, Sweden) were used to perform first-dimension electrophoresis after rehydration using the Ettan IPGphor 3 isoelectric focusing system (GE Healthcare Bio-Sciences AB) according to Ferrante et al. (2006) . The separation in the second dimension was carried out with a SE 600 apparatus (Hoefer, Inc., Holliston, MA, USA). The strips were equilibrated and then loaded onto 18¥16 cm vertical polyacrylamide SDS-PAGE gels (T, 12%; C, 1.28%), 1 mm thick. Separation of both proteins and molecular weight markers (GE Healthcare BioSciences AB) was performed at 30 mA per gel at 10°C. Staining was performed according to Neuhoff et al. (1998) with a destaining in tap water. Four replicates were performed on two biological grain samples, for a total of 32 gels. Destained gels were analyzed using ImageMaster 2D Platinum 6.0 software (GE Healthcare Bio-Sciences AB), and the expression levels of protein spots on 2-DE gels were determined by protein abundance (vol%). To better discriminate cultivars and environmental differences the 2DE gels were subdivided into four regions on the basis of protein molecular weight as reported also in Pompa et al. (2013) : the high molecular weight (H) region (>60 kDa), the intermediate (I) region (60-48 kDa), the 48-35 kDa low molecular weight region (L 48-35) and the <35 kDa low molecular weight region (L<35). The data were analyzed using the analysis of variance (ANOVA) procedure of the M-stat C statistical package (Crop Soil Sciences Department, Michigan State University). The significant differences among the mean values were calculated following Tukey's test.
Results and discussion
The 2-DE gels were highly reproducible and showed well-resolved spots without streaming. The number of spots, the percentage volume of the four gel regions and the ratio volume between the two developmental stages for all the theses under study are shown in Table 1 . Compared with irrigated treatment the stressed one reached the milk and the physiological stage earlier (15 DPA vs 19 DPA and 30 vs 33 DPA, respectively). This result is in agreement with several studies under controlled environment, illustrating how high temperatures and drought accelerate grain development (Altenbach et al., 2003; Hurkman and Wood, 2011) . In agreement with Shewry and Halford (2002) Concerning the ratio volume between the two phenological stages, a different behavior was observed for the different gel regions. As for H region, in the literature it is reported that the two cultivars under study show the presence of Glu-B1 b allele coding for protein subunits HMW-GS 7 and 8 associated with favorable dough properties (Gianibelli et al., 2001; Giuliani et al., 2012; Mamone et al., 2009; Yan et al., 2009 ). In the control treatment the increase in protein expression observed at physiological stage was more marked in Ciccio (Table 1) . It seems that the accumulation of glutenin subunits in the H region began earlier in Svevo than in Ciccio having the first one a higher protein volume than Ciccio at milk stage. Moreover the final protein volume at physiological stage was about 39% higher for Ciccio in the control and 35% higher for Svevo in the stressed condition (data not shown).
As for I region the protein expression increase observed at physiological stage was more marked in stressed condition, especially for Ciccio. In this region both in Ciccio and in Svevo several spots, specific for milk stage, resulted more concentrated in the gel zone near pH 3, while at physiological stage the specific spots appeared in the basic zone of the gel (Figure 1 ) making us assume a possible change in the protein isoelectric point (pI) during grain filling. According to our results also Guo et al. (2012) reported the presence of proteins near the acid zone of the gel in the early developmental stage, with the number of basic proteins increasing at maturity. Moreover in both cultivars there was one spot that seems to be a master spot at the beginning of a spot train. For both cultivars the spot train was characterized by several spots having the same molecular weight but different pI values, shifted toward basic pH (Figure 1) . In a recent study on three durum wheat cultivars (Ofanto, Latino and Simeto) Pompa et al. (2013) identified the same spot train as the globulin 3 protein codified by the Glo3A gene. Globulin-like proteins are nonprolamines similar to 7S vicilinlike proteins, and functioning as storage proteins; they are incorporated unspecifically into the gluten network, suggesting that their role in the gluten agglomeration is rather aspecific (Altenbach et al., 2009) . Pompa et al. (2013) found a higher expression of this globulin under high temperature condition. Also in this study the spot train seems to be environmentally dependent since it was over expressed under drought condition in both cultivars. These results are in agreement with Altenbach (2012) and Laino et al. (2010) who reported an increase in the globulin-2 amount during grain development under high temperatures in both Triticum aestivum and Triticum turgidum subsp. durum, and with Jiang et al. (2012) who found an over expression of different globulins in response to water deficit during grain development. As for L 48-35 region the increase in protein expression at physiological stage was more marked for Ciccio and in stressed condition. For this gel region the final protein volume at physiological stage was about 53% and 30% higher for Ciccio in control and stressed condition, respectively (data not shown). Moreover, under stress conditions Svevo showed a decrease in this region volume (%), while in Ciccio no change was observed (Table 1) . It is known that in the L 48-35 region there is a higher concentration of LMW type 1 or 2 and of some LMW glutenins codified by GluB3 locus associated to the dough quality. In particular in the literature it is reported that both Ciccio and Svevo show the LMW-2 (Fois et al., 2011; Giuliani et al., 2012) , which gives superior grain quality characteristics than the allelic group LMW-1.
Finally, also for L<35 region, including most of gliadins, both cultivars showed an increase in protein accumulation at physiological stage, more marked under stressed condition in Ciccio. This increase was already reported in response to environmental factors, as high temperature (Majoul et al., 2003; Dupont et al., 2006a Dupont et al., , 2006b ).
Conclusions
The results showed differences in gluten proteins expression during grain filling between both the two cultivars and the two water regimes investigated. Under water deficit the rate of protein accumulation was faster in all gel regions, especially for Ciccio. Also an increase in I region accumulation was observed under water stress for both cultivars, which might be ascribable to an increase in Globulin 3 protein, whose expression was reported to be stimulated under environmental stresses.
Concerning cultivar performance, in the L 48-35 region the final protein volume at physiological stage was always higher for Ciccio; this result might be related to the higher gluten index values observed in this cultivar. Moreover Ciccio showed a greater stability in protein composition across water regimes, differently from Svevo that showed a marked increase in H region volume and a decrease in the L 48-35 region under water stress.
These results showing the interaction between genotype and environment across different water regimes in relation to gluten proteins composition appear of particular interest. In fact, the stability in durum wheat gluten composition and quality is a desirable trait for market requirements. Further studies have to be done by a proteomic approach in order to broaden the investigation to more genotypes and environments and to deep insight into the relationships between gluten protein composition and durum wheat technological quality.
